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THE QUANTITATIVE BEHAVIOR OF CUTANEOUS HISTAMINE AND
MAST CELLS IN THE HAIR CYCLES OF RATS*
C. MORETTI, M.D., A. REBORA, M.D., C. GIACOMETTI, M.D., V. BOIDO, Da. CHEM.,
E. RAMPINI, M.D. AND C. CIPRIANI, DR.CHEM.
The purpose of this report is to demonstrate
the fluctuations of the skin mast cell popula-
tion and histamine content which occur during
the hair cycles of rats.
MATERIAL AND METHODS
Hair cycles, both spontaneous and provoked by
plucking, were studied on the back of Wistar
SM. male albino rats, each cycle (C) lastiDg ap-
proximately 32 days: anagen about 18 days, cata-
gen 3 to 4 days, telogen about 10 days.
Animals were killed by cutting their earotids
on certain days of each cycle, starting from the
15th day after birth and reaching well into the
7th month of life. The skin of the supraeaudal
part (1) of the back was shaven, cut out to an
even depth, freed of all visible hanging fat, and
subdivided into smaller samples to be either used
for studying the mast cells or dried at 80° C. per
90' in an oven, until a constant weight was ob-
tained, for the determination of total nitrogen
and histamine.
The mast cells, as revealed in serial paraffin
sections stained with toluidin blue (2), were
counted (3) within 18 microscopic fields, totalling
1.051 mm2 of the dermal surface.
These evaluations were repeated on 5 different
10 e thick serial sections 250 apart, the counts
of mast cells thus being obtained from a volume
of 1 mm3 roughly.
The total nitrogen content per gram of dry
skin was obtained by a standard mierokjeldahl
technic.
Histamine was extracted following a modifica-
tion of the Feldberg and Loeser technic (4) and
then, in 3 different samples, quantitatively evalu-
ated in a thermostatic bath at 37° C. on perfused
and atropinized guinea pig's ileum.
Finally all data, pharmacologically checked
when necessary, were submitted to the evaluation
of the S.E.M., of the confidence interval and to
both the analysis of variance and the coefficient of
correlation (5).
RESULTS
Results may he summarized as follows:
1. As previously observed (1, 6, 7, 8) both
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the mast cell population and the total nitrogen
and histamine content revealed quantitative
fluctuations during each cycle.
2. There were no appreciable differences be-
tween the fluctuations in the spontaneous and
the artificially induced cycles.
3. With the aging of the animals, both mast
cell and histamine fluctuations manifested a
progressive tendency to level out and disap-
pear.
4. In G2, G3 and C4, however, the pattern of
each fluctuation was remarkably similar.
Each studied factor behaved in the following
way:
a) the mast cell population (Table I, Figs.
1 and 4) became remarkably high (180—200
cells/mm3) between the 28th and 34th days of
life to decrease continuously afterwards until
around the 45th day (43 cell/mm3) correspond-
ing to the 13th day of anagen of the 2nd 0.
Throughout the rest of 02 and the whole
03, 04 and 05, the mast cells revealed similar
oscillations, i.e. a rise during each telogcn, to
reach a peak within the first days of anagen,
followed by a decline.
The maximum values for each cycle, how-
ever, became progressively lower, the number
of the reactive mast cells remaining practically
constant from the 13th day of 06 on (20 cclls/
mm3 about).
These changes were accompanied by varia-
tions in the main location of mast cells which
from their usual sites in the lowest layers of the
skin (9) spread out everywhere in the dermis
whenever their population increased.
b) The percentage of total nitrogen (Table
I, Fig. 2) decreased, after the 21st day of life,
to show in the following cycles, 05 included,
fluctuations of varying degree, which, although
scattered without apparent relationship to any
particular phase of cycles, seemed to employ a
progressively shorter time to reach their maxi-
mum.
c) Histamine level (Table I, Fig. 3 and 4)
increased at a rapid rate to about 92 gamma
on the 28th day of the Cl to drop prccipi-
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TABLE I
tously, by the 2nd day of the G2, to about 58
gamma .*
In G2, G3 and G4 the fluctuations of hista-
mine were fairly regular, hence the amine con-
tent steadily increased over, approximately,
the first 7—il days of each anagen, continuously
diminished to the 2lst—25th days (telogen) and
then rose again.
* This ascent, in prematurely weaned rats hap-
pened at the 25th day and reached 117 gamma.
The peak of these ascents was nevertheless
lower with each G until the upward slope at
the end of G5 was followed by a series of small,
irregular fluctuations indicative, perhaps, of a
steady cutaneous content of the amine (10—15
gamma roughly).
d) According to the analysis of variance
(Tables II, III and IV) there existed statisti-
cally significant fluctuations in the cyclical be-
havior of nitrogen, histamine and mast cells
Days of life "G" Hair cyclephases
Experimental
days
Mast cell population
(mean values/mm'
confidence
interval)
Total nitrogen Histamine
(gamma/g.d.w.
confidence interval) confidence interval)
1
2
3
4
5
6
15
21
28
34
39
43
45
50
52
53
57
62
64
66
71
77
82
85
87
89
94
103
109
117
121
128
130
135
146
153
160
162
167
173
178
181
185
190
192
Anagen
Catagen
Telogen
Anagen
Catagen
Telogen
Anagen
Catagen
Telogen
Anagen
Catagen
Telogen
Anagen
Catagen
Telogen
Anagen
Catagen
Telogen
15
21
28
2
7
11
13
18
20
21
25
30
32
2
7
13
18
21
23
25
30
7
13
21
25
32
2
7
18
25
32
2
7
13
18
21
25
30
32
73.0 5.4
125.3 8.0
186.2 8.7
189.9 10.4
81.5 4.4
43.3 3.4
64.0 4.8
79.4 6.7
77.4 4.3
108.4 9.1
104.6 7.4
97.0 4.2
73.7 5.8
81.9 4.3
91.0 6.3
51.9 4.7
40.6 5.7
78.2 7.6
49.5 4.2
46.5 4.7
63.3 7.0
25.9 2.3
45.7 4.4
23.4 2.3
19.8 3.1
26.8 4.4
26.1 2.9
28.3 3.2
17.1 0.7
17.3 1.9
14.5 1.2
11.5 0.7
12.3 0.7
13 0 1.7
14.3 2.1
11.8 1.6
12.5 1.2
12.8 0.7
13 2 1.9
13.3 1.4
13.8 1.9
13.2 4.1
12.6 2.5
14.9 3.3
16.4 1.2
11.8 0.6
13.5 1.7
14.7 2.6
15.9 1.6
18 8 1.4
13.4 2.4
15.3 3.0
15.0 1.6
13.9 0.8
11.3 1.3
13.1 2.1
13.9 2.4
13.4 1.3
13.1 2.6
44.4 17.5
59.6 4.8
92.8 24.2
58.7 2.2
67.1 1.9
67.6 4.4
62.3 5.1
40.5 8.4
43.1 3.0
42.2 5.2
43.0 1.1
56.8 2 8
58.6 5.1
53.5 4,3
38.1 9.3
32.4 1.8
29.2 1.7
37.6 3.1
42.4 5.9
38.8 2.5
21.7 2.6
17.0 7.0
32.3 7.6
30.7 3.7
20.8 4.4
13.6 1.9
11.8 6.7
12.7 4.7
13.6 4.1
8.7 3.2
16.1 1.9
14.2 5.8
12.5 2.0
11.6 2.2
6.8 4.6
15.2 2.0
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which were more evident in the cases of hista-
mine and mast cells than in that of nitrogen.
The tremendous changes in Gi of histamine
and mast cells, however, could have influenced
the results of the overall analysis of variance:
this, whenever repeated on all hair cycles but
the first, showed statistically significant oscil-
lations again (Tables V and VI).
As to the correlation between the individual
curves, whereas this lacked entirely between
histamine and total nitrogen content (r = —0.01
when r (0.05) = 0.35), between histamine and
mast-cell population it was highly significant
(r = 0.81 when r (0.01) = 0.49).
CONCLUSIONS AND COMMENTS
Notwithstanding their statistical significance,
the irregular distribution of the oscillations of
total nitrogen does not permit ascribing them
to the hair cycle (1).
The extracted histamine is most likely of the
"labile" (10) or "free" kind: its fluctuations
therefore might well reflect the presence in the
skin of variable amounts of organic fluids and
chiefly of histamine-liberating substances.
The amine's well known connections with
mast cells (9, 11), clearly confirmed by the
highly significant correlation of their curves,
suggest furthermore that histamine's location
TABLE II
Analysis of variance: Mast cell population
Source of
variations
Sum of
squares
Degrees of
freedom Mean squares
Among days
Within days
905,953
74,261
27
469
33,554
158.3
Total 980,214 496
F = 211.9 when F(O.O1) = 1.84.
TABLE III
Analysis of variance: Total nitrogen
Source of
variations
Among days
Within days
Total
Sum of
squares
429
186.5
615.5
Degrees of
freedom
31
110
141
Mean squares
13.8
1.7
F = 8.1 when F(0.O1) = 1.57.
TABLE IV
Analysis of variance: Histamine
Source of
variations
Sum of
squares
Degrees of
freedom Mein squares
Among days
Within days
109,444
10,479
36
251
3,040.1
41.7
Total 119,923 287
F = 72.9 when F(0.01) = 1.79.
TABLE V
Analysis of variance: Histamine (excluding G 1)
Source of
variations
Sum of
squares
Degrees of
freedom Mean squares
Among days
Within days
Total
92,210.1
8,531.2
100,741.3
33
240
273
2794.2
35.5
F = 78.6 when F(O.01) 1.74.
TABLE VI
Analysis of variance: Mast cells
(excluding G 1)
Source of
variations
Among days
Within days
Sum of
squares
604,742.2
63,104.0
Degrees of
freedom
24
418
Mean squares
25,197.6
151.0
Total 667,846.2 442
F = 166.9 when F(O.O1) = 1.84.
may be influenced by the variable topography
of those cells.
As to its fluctuations, the steep rise of hista-
mine in the first month had been already ob-
served by Hardwick (12) and Parratt (13)
and referred by the last author to a temporary
influence on the skin of unknown factors, per-
haps extracutaneous and "related to the stress
involved in weaning."
The mast cells and the amine's quantitative
changes during G2, G3 and G4 instead, prob-
ably depend on the hair cycle.
This opinion is supported by their broad
parallelism with variations of factors positively
involved in hair growth (the oxygen uptake
(14), the water and acid mucopolysaccharides
content (15, 16), the number and diameter of
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all visible dermal vessels (17)); by the parallel
behavior, in both normal and alopecic scalps,
of histamine content and percentage of growing
hairs (8, 18, 19, 20, 21) ; by the respectively
faster or delayed hair growth of animals
treated with histamine or histamine-depleting
substances (48/SO) (22, 23).
Our hypothesis (7) that histamine, possibly
through its effects on permeability and dilata-
tion of vessels, may act as a "triggering" agent
(24) in the mechanism of the hair growth is,
then, appreciably strengthened.
On this ground the continuous decline of the
amine while the rats are growing older could
indicate a progressive hair's mantle involution.
A close relationship between hair's mantle
involution and aging has been noted, in fact, by
some authors (25, 26).
There is no doubt, on the other hand, that
the flattening out of all observed fluctuations is
a function of aging. This is in agreement with
the fall of skin histamine typical of that process
in many species (27, 12, 28, 29, 30) and, indi-
rectly with the definite diminution in the skin
of rats of two other substances related to the
mast cells, serotonin and heparin (1, 31).
SUMMARY
1. During some consecutive hair cycles in the
rat, both skin mast cell population and total
nitrogen, and histamine's cutaneous contents
revealed statistically significant fluctuations.
2. Within the cycles, the cell's and the
amine's oscillations were parallel and mostly
connected with the different phases of hair
growth while the nitrogen's quantitative changes
were not.
3. With aging, however, both mast cells and
histamine curves manifested a progressive
tendency to level out and disappear.
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